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(57) ABSTRACT

The present provides a method for preparing a composite
material, wherein the method comprises the following steps:
(1) compounding a dispersion solution of an ion exchange
resin containing a free radical initiator and a high-valence
metal compound, with a functional monomer-grafted porous
fluoropolymer membrane with a microporous structure by
performing solution pouring, tape casting, screen printing
process, spraying, or impregnating process; (2) subjecting a
wet membrane to heat treatment at 30~300° C., so that the
free radical initiator can initiate crosslinking reaction
between the porous membrane and the resin to obtain the
composite material.

20 Claims, 2 Drawing Sheets
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1
PREPARATION METHOD OF
FLUORINE-CONTAINING IONOMER
COMPOSITE MATERIAL WITH ION
EXCHANGE FUNCTION

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a divisional application of U.S.
patent application Ser. No. 13/805,327 filed on Dec. 18,2012,
the entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention belongs to the field of functional
polymer composite materials, and relates to a preparation
method of fluorine-containing ionomer composite material
with ion exchange function.

BACKGROUND TECHNOLOGIES

Proton Exchange Membrane Fuel Cell is a power genera-
tion device which directly converts chemical energy into elec-
trical energy in an electrochemical manner, and is considered
to be the most preferred clean and efficient power generation
technology in the 21st century. Proton Exchange Membrane
(PEM) is a key material for use in Proton Exchange Mem-
brane Fuel Cell (PEMFC).

The perfluorosulfonic acid proton exchange membranes
currently used have a good proton conductivity and chemical
stability at a relatively low temperature (8 0° C.) and highhu-
midity. However, they have many shortcomings, such as poor
dimensional stability, low mechanical strength, bad chemical
stability and so on. The membrane has different water absorp-
tion under different humidities, resulting in different expan-
sion in size, when the membrane transforms under different
operation conditions, the size of the membrane changes
accordingly. Such case is repeated over and over again then
mechanical damage is eventually caused to the proton
exchange membrane. Moreover, a large number of substances
with strong oxidability, such as hydroxyl radicals and hydro-
gen peroxides, are produced in a reaction at the positive
electrode of a fuel cell, and these substances will attack the
non-fluoro groups in the membrane-forming resin molecules,
leading to chemical degradation, damage and blistering of the
membrane. Finally, when the operating temperature of the
perfluorosulfonic acid exchange membrane is higher than 90°
C., the proton conductivity of the membrane is decreased
sharply due to rapid dehydration of the membrane, thereby
decreasing efficiency of the fuel cell greatly. However, high
operating temperature can greatly improve the resistance of
the fuel cell catalyst to carbon monoxides. In addition, the
existing perfluorosulfonic acid membranes have some hydro-
gen or methanol permeability, especially in a direct methanol
fuel cell, permeability of methanol is very high, which
becomes a fatal problem. Therefore, how to improve strength
of a perfluorosulfonic acid proton exchange membrane,
dimensional stability, and efficiency of proton conduction at a
high temperature and to reduce permeability of the working
medium and the like becomes a major issue that the fuel cell
industry faces.

At present, some methods have been proposed to solve
these problems. For example, Japanese Patent No. JP-B-5-
75835 enhances strength of a membrane by impregnating a
porous media made of polytetrafluoroethylene (PTFE) with a
perfluorosulfonic acid resin. However, this porous PTFE
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medium still cannot solve the problems above due to relative
softness and insufficient reinforcing effect of the PTFE mate-
rial. W. L. Gore Co., Ltd developed composite membrane
liquid of Gore-Select series by filling Nafion ion conductive
liquid with the porous Teflon (U.S. Pat. No. 5,547,551, U.S.
Pat. No. 5,635,041, U.S. Pat. No. 5,599,614). This membrane
has high proton conductivity and better dimensional stability,
however, Teflon has large creep at a high temperature, result-
ing in performance degradation. Japanese Patent No. JP-B-
7-68377 also proposes a method in which a porous media
made of polyolefin is filled with a proton exchange resin, but
such membrane has insufficient chemical durability and thus
there is a problem in long-term stability. Furthermore, due to
addition of the porous medium without proton conductivity,
the number of proton-conduction pathways is reduced, and
proton exchange capability of the membrane is decreased.

Furthermore, Japanese Patent No. JP-A-6-231779 pro-
poses another method for reinforcement by using fluorine
resin fibers. The membrane made by this method is an ion
exchange membrane which is reinforced through the rein-
forcing material of a fluorocarbon polymer in the form of
fibrils. However, in this method, it is required to add a rela-
tively large amount of the reinforcing material; in this case,
processing of the membrane tends to be difficult and electrical
resistance of the membrane may likely increase.

European Patent No. EP0875524B1 discloses a technol-
ogy of reinforcing nafion membrane by using glassfiber
membrane prepared by applying glass fiber nonwoven tech-
nology. Oxides such as silica are also mentioned in this
patent. However, non-woven glass fiber cloth is a necessary
substrate in this patent, which would greatly limit the appli-
cation scope of reinforcement.

U.S. Pat. No. 6,692,858 discloses a technology in which a
perfluorosulfonic acid resin is reinforced by polytetratiuoro-
ethylene fibers. In this technology, the perfluorosulfonyl fluo-
ride resin and the polytetrafluoroethylene fiber are mixed,
extruded, and transformed to prepare a fiber-reinforced per-
fluorosulfonic acid resin. The method cannot be applied in
continuous production due to the time-consuming transfor-
mation process.

CN200810638706.9 discloses a process route for prepar-
ing a crosslinked fluorine-containing sulfonic acid proton
exchange membrane by using a fluorine-containing sulfonic
acid resin copolymerized with a bromine- or iodine-contain-
ing perfluoromonomer under certain conditions, the mem-
brane prepared by the method has high strength and good
dimensional stability.

However, the porous membrane or fiber is only simply
mixed with a resin in the above technologies, since the nature
of'the membrane or fiber differs greatly from the membrane-
forming resin, even they are mutually exclusive, it is
extremely easy to form gaps between the membrane-forming
molecules and reinforcing object, sometimes some pores of
the reinforced microporous membrane cannot be filled with
the resin. Thus, such a membrane often has high gas perme-
ability, and when the membrane is working in the fuel cell,
high permeability tends to result in the energy loss and dam-
age to the cell caused by overheating.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a compos-
ite material which is formed by compounding an ion
exchange resin with a porous fluoropolymer membrane,
wherein the ion exchange resin and the functional monomers
grafted on the porous fluoropolymer membrane form a car-
bon-chain crosslinked structure, so that the composite mate-
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rial has excellent mechanical properties and gas imperme-
ability, as well as high ion exchange capacity and electrical
conductivity. Another object of the present invention is to
provide a method for preparing said composite material. Yet
another object of the present invention is to provide an ion
exchange membrane made from the above-mentioned com-
posite material. Still another object of the present invention is
to provide a fuel cell containing the above-mentioned ion
exchange membrane. And still yet another object of the
present invention is to provide a use of the above-mentioned
composite material.

The above-mentioned objects of the present invention can
be achieved by adopting the following technical schemes.

In one aspect, the present invention provides a composite
material which is formed by filling micropores and covering
surface of a porous fluoropolymer membrane with one or
more ion exchange resins having an ion exchange function;
wherein pore surfaces of the porous fluoropolymer mem-
brane are modified by bromine-containing functional mono-
mers through grafting; and at least one of the ion exchange
resins forming the composite material can form a carbon-
chain crosslinked structure with functional monomers grafted
on the porous fluoropolymer membrane.

Preferably, said bromine-containing functional monomer
is one or more combinations selected from a group consisting
of substances as defined in the following formula (V) and/or
formula (VI):

V)
F>,C=CFRyBr

(VD
Br(CFy)y/(CFRy5)yo(CFR ) O(CFCF,0)y —C=CF,
|

CE:X,

wherein a', b', ¢' are 0 or 1, respectively, and a'+b'+c'=0; n' is
0 or 1; X, is selected from F or Br; and Ry, Ry, R are
selected from perfluorinated alkyls, respectively.

Preferably, the ion exchange resin of said composite mate-
rial is prepared by copolymerization of fluorine-containing
olefins, fluorine-containing olefin monomers comprising a
functional group and fluorine-containing olefin monomers
containing a crosslinking site and/or mixtures of the above-
obtained copolymers, and has an EW value of 600~1,300,
preferably 700~1,200; the number average molecular weight
of said resin is 150,000~450,000.

Wherein, preferably, the fluorine-containing olefin is one
or more selected from a group consisting of tetrafluoroethyl-
ene, chlorotrifluoroethylene, trifluoroethylene, hexaftluoro-
propylene and/or vinylidene fluoride; more preferably tet-
rafluoroethylene and/or chlorotrifluoroethylene;

the fluorine-containing olefin monomer containing a func-
tional group is one or more selected from a group consisting
of substances as defined in the following formula (II) and/or
formula (II1) and/or formula (IV):

(ID
Y |(CF2)u(CER)5(CFR ) O(CFCF,0), — CF==CF,
CFX

(1)
RCE =CF(CEy);Y>
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-continued
aw
F»C==CFOCF>CFOCF,CF,Y3

I
CF,0CF;

wherein a, b, c are an integer of 0~1, respectively, but shall not
be zero at the same time;

d is an integer of 0~5; nis O or 1;

Ry, Ry, Ry are selected from perfluorinated alkyl or chlorof-
luorinated alkyl, respectively; X is selected from F or Br;
Y,.Y,, Y; are selected from SO,M, COOR; or PO(OR,)
(ORj), respectively, wherein M is selected from F, Cl, OR, or
NR,R,; Ris selected from methyl, ethyl or propyl, or selected
from H, Na, Li, K or ammonium; R, and R, are selected from
H, methyl, ethyl or propyl, respectively; R; is selected from
H, Na, Li, K, ammonium, methyl, ethyl or propyl; and R, R
are selected from H, Na, Li, K, or ammonium, respectively;
the fluorine-containing olefin monomer containing a
crosslinking site is one or more selected from a group con-
sisting of substances as defined in the following formula (V)
and formula (VI):

V)
F>,C=CFRyBr

(VD
Br(CE)a(CFR )y (CFR )¢ O(CFCF;0)y ——C==CF,

CFX,

wherein a', b', ¢' are 0 or 1, respectively, but a'+b'+c'=0; X is
selected from F or Br;n'is Oor 1; and R, R 5, R are selected
from perfluorinated alkyl, respectively.

Preferably, material of the porous fluoropolymer mem-
brane in said composite material is selected from porous
polytetrafluoroethylene membrane, polytetratiuoroethylene-
hexafluoropropylene membrane, porous polyvinylidene fluo-
ride membrane (PVDF), porous polytrifluorochloroethylene
membrane and porous polytetrafluoroethylene-ethylene
(ETFE) membrane, which maybe uniaxial tensile membranes
or biaxial tensile membranes; and the porous fluoropolymer
membrane has a thickness of no greater than 100 pm, a
porosity of 50~97% and a pore size 0of 0.1~10 pm; preferably,
the porous fluoropolymer membrane has a thickness of 5~20
um, a porosity of 60~97%, and a pore size of 0.2~5 um.

Preferably, said composite material may further contain a
high-valence metal compound, part of acidic exchange
groups of the ion exchange resin form physical bonding in
between through the high-valence metal compound; prefer-
ably, the high-valence metal compound forming the physical
bonding is one or more combinations selected from a group
consisting of compounds of the following elements: W, Zr, Ir,
Y, Mn, Ru, Ce, V, Zn, Ti, and La; more preferably, the high-
valence metal ion compound is selected from nitrates, sul-
fates, carbonates, phosphates, acetates of these metal ele-
ments in the highest valence state and intermediate valence
state or doulbe salts thereof, or one or more selected from a
group consisting of cyclodextrins, crown ethers, acetylac-
etones, aza crown ethers and nitrogen heterocyclic rings,
EDTA, DMF, and DMSO complexes of these metal elements
in the highest valence state and intermediate valence state; or
selected from a group consisting of hydroxides of these metal
elements in the highest valence state and intermediate valence
state; or selected from a group consisting of oxides of these
metal elements in the highest valence state and intermediate
valence state which have a perovskite structure, including but
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not limited to the following compounds: Ce,Ti; O,
(x=0.25~0.4), Ca, 4La, ,,TiOs, La, ,,Ce MnO; (y=0.1~0.4)
and La, ,Ce, sCa, ;sMnO;; preferably, the high-valence
metal compound is added in an amount of 0.0001~5 wt %,
preferably 0.001~1 wt % of the resin.

In another aspect, the present invention provides a method
for preparing the above-mentioned composite material,
which comprises initiating the functional monomers grafted
on the porous membrane and bromine atoms of the resin by a
free radical initiator to generate free radicals, and forming a
carbon-chain crosslinked structure between the porous mem-
brane and the resin through coupling between the free radi-
cals;
wherein the initiator is one or more selected from a group
consisting of organic peroxide initiators and/or azo initiators;
wherein the peroxide initiators are initiators as defined in the
following formula (VIII) and/or formula (IX):

(VIII)
R,;00R,

Ix)

Rz0CO—OCORy

R,, R are selected from but not limited to the following
groups, respectively: H, C1~C20 alkyl or aryl-substituted
alkyl, C1~C20acyl, C1~C20 aroyl, C1~C20 fluorinated alkyl
or perfluorinated alkyl or aryl substituted alkyl, C1~C20 flu-
orinated acyl or perfluorinated acyl, and/or C1~C20 fluori-
nated aroyl or perfluorinated aroyl; but R, and R, are not H at
the same time;
R;, R, are selected from but not limited to the following
groups, respectively: C1~C20 alkyl or aryl-substituted alkyl
and/or C1~C20 fluorinated alkyl or perfluorinated alkyl or
aryl substituted alkyl;
the azo initiator is selected from but not limited to the follow-
ing initiators: azodicarbonamide, azobisisobutyronitrile, azo-
bisisovaleronitrile, azobisisoheptonitrile, dimethyl 2,2'-azo-
bis(2-methylpropionate), 1-((cyano-1-methylethyl)azo)
formamide, 1,1'-azo(cyclohexyl-1-cyano), 2,2'-azobis(2-me-
thylpropionamidine)dihydrochloride, and/or 4,4'-azobis(4-
cyanovaleric acid);
preferably, the free radical initiator is an organic peroxide
initiator, and more preferably is an organic perfluorinated
peroxide; for the method of forming crosslinking, please refer
to U.S.Pat. No. 3,933,767 and EP1464671 A1, the free radical
initiator is added in an amount of 0.1~1 wt % of the resin.
Preferably, the method for preparing the composite mate-
rial containing a high-valence metal ion compound comprises
the following steps:
(1) Compounding a dispersion solution of the ion exchange
resin containing free radical initiator and high-valence metal
compound with the functional monomer-grafted porous fluo-
ropolymer membrane with a microporous structure by per-
forming solution pouring, tape casting, screen printing pro-
cess, spraying, or impregnating process;
(2) Subjecting a wet membrane to heat treatment at 30~300°
C. so that the free radical initiator can initiate crosslinking
reaction between the porous membrane and the resin to obtain
the composite material;
wherein a solvent used in the processes of solution pouring,
tape casting, screen printing, spraying, impregnating and
other processes, is selected from one or more of a group
consisting of dimethylformamide, dimethylacetamide, meth-
ylformamide, dimethylsulfoxide, N-methylpyrrolidone, hex-
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amethylphosphoric acid amine, acetone, water, ethanol,
methanol, (n-)propanol, isopropanol, ethylene glycol and/or
glycerol; preparation is performed under the following con-
ditions: concentration of the resin dispersion solution being
1~80%, temperature of heat treatment being 30~300° C., and
time of'heat treatment being 1~600 minutes; preferably under
the following conditions: concentration of the resin disper-
sion solution being 5~40%, temperature of heat treatment
being 120~250° C., and time of heat treatment being 5~200
minutes; preferably, the initiator is added in an amount of
0.1~1 wt % of the resin, and the high-valence metal com-
pound is added in an amount of 0.0001~5 wt %, preferably
0.001~1 wt % of the resin.

In yet another aspect, the present invention provides an ion
exchange membrane made from the above-mentioned com-
posite material.

In still another aspect, the present invention provides a fuel
cell containing the above-mentioned ion exchange mem-
brane.

In still yet another aspect, the present invention provides a
use of the above-mentioned composite material in manufac-
turing an ion exchange membrane of a fuel cell.

Compared with the prior art, the present invention has at
least the following advantages:
in the composite material of the present invention, there is at
least one ion exchange resin containing bromine, and the
bromine of the ion exchange resin and the bromine grafted on
the porous membrane form a carbon-chain crosslinked struc-
ture. Due to formation of the carbon-chain crosslinked struc-
ture, the composite material can form a tight integral struc-
ture. In a preferred embodiment, a physical bond crosslinked
structure is formed between the high-valence metal and the
acidic group in the ion exchange resin. Therefore, the ion
exchange membrane made from the composite material of the
present invention has a high ion exchange capacity, as well as
good mechanical strength, gas impermeability and stability.
Compared with the ion exchange membranes made from
ordinary composite materials, the ion exchange membrane
made from the composite material of the present invention is
superior to the ordinary ion exchange membranes in terms of
performances such as electrical conductivity, tensile strength,
hydrogen permeation current, and dimensional change rate.

The following is detailed description of the present inven-
tion.

The perfluorosulfonic acid ion membrane used in a fuel
cell needs to meet the following requirements: being stable,
having high electrical conductivity and high mechanical
strength. Generally, with an increase of ion exchange capac-
ity, the Equivalent Weight (EW) value of the perfluoropoly-
mer decreases (when the EW value decreases, the Ion
Exchange Capacity (IEC)=1,000/EW) and the strength of the
membrane also decreases in the meanwhile. Gas permeability
of the membrane will also rise accordingly, which will bring
very serious effects to fuel cells. Therefore, preparing the
membrane having a high ion exchange capacity, as well as
good mechanical strength, gas impermeability and stability is
the key in practical applications of fuel cells, especially fuel
cells in delivery vehicles such as automobiles.

In view of the deficiencies existing in the prior art, the
present invention provides a composite material and method
for preparing the composite material. The composite material
provided in the present invention uses porous membrane as a
reinforcing material, which changes the previous method of
simply filling the ion exchange resin into the porous mem-
brane structure by forming a carbon-chain crosslinked struc-
ture between the porous membrane and the ion exchange
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resin (as shown in FIG. 1) The membrane obtained has very
high mechanical properties and gas impermeability.

The present invention provides a composite material which
is characterized in that:

(a) Said composite material is formed by filling micropores
and covering surfaces of a porous fluoropolymer membrane
with one or more ion exchange resins having an ion exchange
function;

(b) The pore surfaces of said porous fluoropolymer mem-
brane are modified by bromine-containing functional mono-
mers through grafting; and

(c) At least one of the ion exchange resins forming the com-
posite material can form a carbon-chain crosslinked structure
with the functional monomers grafted on the porous fluo-
ropolymer membrane.

The selected porous fluoropolymer membrane with a
microporous structure grafted with a substance with ion
exchange function has a thickness of no greater than 100 pm,
a porosity of 50~97% and a pore size of 0.1~10 pm; prefer-
ably, the porous fluoropolymer membrane has a thickness of
5~20 um, a porosity of 60~97% and a pore size of 0.2~5 um.
These porous fluoropolymer membranes are characterized in
that: the material of the porous fluoropolymer membrane is
selected from porous polytetrafluoroethylene membrane,
polytetrafluoroethylene-hexafluoropropylene =~ membrane,
porous polyvinylidene fluoride membrane (PVDF), porous
polytrifluorochloroethylene membrane and porous polytet-
rafluoroethylene-ethylene (ETFE) membrane. These mem-
branes may be uniaxial tensile membranes or biaxial tensile
membranes.

A graft reaction occurs between bromine-containing func-
tional monomers and porous fluoropolymer membrane in the
presence of plasma and the resulting chemical bonding
crosslinked network structure is shown in the following for-
mula (I):

@

wherein G,=CF, or O; G,=CF, or O; and R,is a C2-C10
perfluorinated carbon chain or chlorine-containing perfluori-
nated carbon chain.

The bromine-containing functional monomer grafted on
the porous membrane is one or more selected from substances
as defined in the following formula (V) and formula (VI):

V)
F,C==CFRyBr
(VD
Br(CF)y(CFR)y(CFR ) O(CFCF;0), —C=CF,
CF2X;

wherein a', b', ¢' are 0 or 1, respectively, but a'+b'+c'=0; X is
selected fromF orBr;n'isOor 1; and R, R 5, R are selected
from fluorine or perfluorinated alkyl, respectively.

The method for modifying the porous membrane with the
above-mentioned monomer is a plasma method, which has
been disclosed in many publications, specifically, please refer
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to polyvinylidene fluoride (PVDF) nanofiber modified and
grafted by plasma as disclosed in Page 33, Journal of Tianjin
Polytechnic University, 2008, Vol. 27, Iss. 5.

Said fluorine-containing ion exchange resin of the present
invention is prepared by copolymerization of fluorine-con-
taining olefins, one or more fluorine-containing olefin mono-
mers comprising a functional group and one or more fluorine-
containing olefin monomers containing a crosslinking site, or
mixtures of the above-obtained copolymers, the fluorine-
containing ion exchange resin has a EW value of 600~1,300,
preferably 700~1,200, and a number average molecular
weight of 150,000~450,000.

The fluorine-containing olefin is one or more selected from
a group consisting of tetrafluoroethylene, chlorotrifluoroeth-
ylene, trifluoroethylene, hexafluoropropylene and/or
vinylidene fluoride; preferably selected from tetrafluoroeth-
ylene and/or chlorotrifluoroethylene.

The fluorine-containing olefin monomer containing a
functional group is one or more selected from a group con-
sisting of monomers as defined in the following formula (I1),
formula (II1) and formula (IV):

(ID
Y |(CF2)o(CFR )5 (CFR2) O(CFCF,0), —CF=CF,
|
CFX
(I
R3CF ==CF(CEy),Y>
avy
F,C=—CFOCF,CFOCF,CF,Y;

I
CF,0CF;

wherein a, b, c are an integer of 0~1, respectively, but shall not

be zero at the same time;

d is an integer of 0~5;

nisOorl;

Ry, Ry, R are selected from perfluorinated alkyl or chlorof-

luorinated alkyl, respectively;

X is selected from F or Br;

Y,.Y,, Y; are selected from SO,M, COOR; or PO(OR,)

(ORj), respectively, wherein M is selected from F, Cl, OR, or

NR;R,; Ris selected from methyl, ethyl or propyl, or selected

from H, Na, Li, K or ammonium; R, and R, are selected from

H, methyl, ethyl or propyl, respectively; R; is selected from

H, Na, Li, K, ammonium, methyl, ethyl or propyl; R4, RS are

selected from H, Na, Li, K, or ammonium, respectively.
The fluorine-containing olefin monomer containing a

crosslinking site is one or more selected from a group con-

sisting of monomers as defined in the following formula (V)

and/or formula (VI):

W)
F,C==CFRgBr

(VD
Br(CF2)(CFR5)y(CFR5)O(CFCF,0),y —@=CF,.

CFX;

wherein a', b', ¢' are 0 or 1, respectively, but a'+b'+c'=0;
X, is selected from F or Br;
n'isOor 1; and
R, Ry, Ry are selected from fluorine or perfluorinated
alkyls, respectively.

Said carbon chain crosslinking means forming a carbon-
carbon bond between the functional monomer grafted on the
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porous fluoropolymer membrane and the ion exchange resin,
which are crosslinked together (as shown in FIG. 2).

The method for forming carbon-chain crosslinking
between the porous membrane and the membrane-forming
resin comprises initiating the functional monomers grafted on
the porous membrane and bromine atoms of the resin by a free
radical initiator to generate free radicals, then obtaining
crosslinked carbon-carbon bonds through coupling between
the free radicals; wherein the initiators used include organic
peroxide initiators and azo initiators; preferably, the initiator
is an organic peroxide initiator; more preferably, the initiator
is a perfluorinated organic peroxide initiator.

Said free radical initiators are organic peroxide initiators or
azo initiators, or two or more of the free radical initiators to be
used synergistically; wherein the peroxide initiators are ini-
tiators as defined in the following formula (VIII) and formula
(IX):

(VIII)
R,;00R,

Ix)

Rz0CO—OCORy

R,, R, are selected from but not limited to the following
groups, respectively: H, C1~C20 alkyl or aryl-substituted
alkyl, C1~C20 acyl, C1~0 aroyl, C1~C20 fluorinated alkyl or
perfluorinated alkyl or aryl substituted alkyl, C1~C20 fluori-
nated acyl or pertluorinated acyl, and/or C1~C20 fluorinated
aroyl or perfluorinated aroyl; but R, and R, are not H at the
same time;

R;, R, are selected from but not limited to the following
groups, respectively: C1~C20 alkyl or aryl-substituted alkyl
and/or C1~C20 fluorinated alkyl or perfluorinated alkyl or
aryl substituted alkyl;

the azo initiator is selected from but not limited to the follow-
ing initiators: azodicarbonamide, azobisisobutyronitrile, azo-
bisisovaleronitrile, azobisisoheptonitrile, dimethyl 2,2'-azo-
bis(2-methylpropionate), 1-((cyano-1-methylethyl)azo)
formamide, 1,1'-azo(cyclohexyl-1-cyano), 2,2'-azobis(2-me-
thylpropionamidine)dihydrochloride, and/or 4,4'-azobis(4-
cyanovaleric acid).

In the present invention, a high-valence metal compound is
added to the composite material so that part of acidic
exchange groups of the ion exchange resin can form physical
bonding in between through the high-valence metal com-
pound.

Said high-valence metal compound forming the physical
bonding is one or more combinations selected from a group
consisting of compounds of the following elements: W, Zr, Ir,
Y, Mn, Ru, Ce, V, Zn, Ti, and La;

Said high-valence metal ion compound is one or more
selected from a group consisting of nitrates, sulfates, carbon-
ates, phosphates, acetates of these metal elements in the high-
est valence state and intermediate valence state or double salts
thereof Said high-valence metal ion compound is or selected
from a group consisting of cyclodextrins, crown ethers, acety-
lacetones, aza crown ethers and nitrogen heterocyclic rings,
EDTA, DMF, and DMSO complexes of these metal elements
in the highest valence state and intermediate valence state.
Said high-valence metal ion compound is selected from a
group consisting of hydroxides of these metal elements in the
highest valence state and intermediate valence state. Said
high-valence metal ion compound is selected from a group
consisting of oxides of these metal elements in the highest
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valence state and intermediate valence state which have a
perovskite structure, including but not limited to the follow-
ing compounds: Ce, Ti(;_,O, (x=0.25~0.4), Ca, sLa, ,,TiOs,
La;,_,Ce MnO; (y=0.1~0.4) and La, ,Ce;,5Ca, ;sMnO;.
The high-valence metal compound is added in an amount of
0.0001~5 wt %, preferably 0.001~1 wt %.

The method for preparing said composite material contain-
ing a high-valence metal compound includes the following
steps:

(1) Compounding a dispersion solution of the ion exchange
resin containing free radical initiator and high-valence metal
compound with the functional monomer-grafted porous fluo-
ropolymer membrane with a microporous structure by per-
forming solution pouring, tape casting, screen printing pro-
cess, spraying, or impregnating process;

(2) Subjecting a wet membrane to heat treatment at 30~250°
C. so that the free radical initiator can initiate crosslinking
reaction between the porous membrane and the resin;

(3) Obtaining the composite material after treatment.

The solvent used in the processes of solution pouring, tape
casting, screen printing, spraying, impregnating and other
processes, is selected from one or more of a group consisting
of dimethylformamide, dimethylacetamide, methylforma-
mide, dimethylsulfoxide, N-methylpyrrolidone, hexameth-
ylphosphoric acid amine, acetone, water, ethanol, methanol,
(n-)propanol, isopropanol, ethylene glycol and/or glycerol;
concentration of the resin solution used is 1~80%, preferably
5~40%; temperature of heat treatment is 30~300° C., prefer-
ably 120~250° C.; and time of heat treatment is 1~600 min-
utes, preferably 5~200 minutes.

In another aspect, the present invention provides an ion
exchange membrane made from the above-mentioned com-
posite material.

In yet another aspect, the present invention provides a fuel
cell containing the above-mentioned ion exchange mem-
brane.

In still another aspect, the present invention provides a use
of'the above-mentioned composite material in manufacturing
an ion exchange membrane of a fuel cell.

The beneficial effects of the present invention include:

The present invention provides an ion exchange composite
material with reinforced porous membrane where a chemical
crosslinked structure is formed between the composite base
porous membrane and the membrane-forming resin through
chemical bonds; in a preferred embodiment, part of the acidic
exchange groups in the ion exchange resin form a physical
bonding crosslinked network through high-valence metal
physical bonding. Since the porous membrane is grafted with
functional groups with exchange function, the porous mem-
brane and the ion exchange resin can form a tight integral
structure through chemical crosslinking, rather than simply
blending ion exchange resin and microporous membrane
together in the prior art. The composite material obtained in
the present invention has advantages of excellent chemical
stability, mechanical properties and gas permeability etc, and
the ion exchange membrane provided in the present invention
resolves the problems that the conventional microporous
composite membrane has poor gas impermeability and the
ion exchange resin is easily separated from the microporous
membrane.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an ion exchange resin with carbon-chain
crosslinked on a porous membrane.

FIG. 2 shows a schematic diagram illustrating carbon-
chain crosslinking;
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wherein “1” represents a perfluorinated ion exchange resin,
“2” represents a porous membrane, “3” represents a molecule
of perfluorinated ion exchange resin, and “4” represents
chemical crosslinking.

FIG. 3 shows a polarization curve of a single cell.

BEST MODES OF THE PRESENT INVENTION

The present invention will be further illustrated in combi-
nation with embodiments, which are not used to limit the
present invention.

Example 1

A chgqistex polytetrafluoroethylene membrane (bought in
Ningbo, China) with a thickness of 18 um, a porosity of 85%
and a pore size of 1 um was placed in a plasma generator and
a plasma generated at a pressure of 1 Pa with Ar as working
gas was grafted with the monomer defined in the following
formula

F,C==CF
O(CF,CF0),CF,CF,Br

CF;

(wherein e=1).

The grafted polytetrafluoroethylene membrane was
impregnated in an ethanol-water solution containing 5%
cerium (III) nitrate, a trace of 2,2'-azobis-(2-methylbutyroni-
trile) and 25% perfluorosulfonic acid resin for 10 minutes
(wherein the structural formula of the perfluorosulfonic acid
resin is shown in the following formula:

—F CF,CF, 45— CF,CF—f CF,CF, Fp—CF,CF—

OCF,CF,Br OCF,CFOCF,CF,S0;H

CF3

number average molecular weight: 170,000). Then the wet
membrane was taken out, and treated at 190° C. for 20 min-
utes to obtain a composite membrane with a thickness of 19
pm.

Example 2

A (n-)propanol-water mixed solution containing a solution
of 15% mixed perfluorosulfonic acid resin, wherein resin A
comprising a repeating unit (a):

(2)
—+CF,CF, 45— CF,CF—
OCF,CFOCF,CF,S0;H

CF3

(number average molecular weight: 260,000) and resin B
comprising a repeating unit (b):
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(b)
—F CF,CF, 45— CF,CF—f CF,CF,Fr—CF,CF—

OCF,CF,Br OCF,CFOCF,CF,S0;H

CF;

(number-average molecular weight: 170,000) (the mass ratio
of'the resin A to resin B is 3:1), 3% manganese (II) nitrate and
a trace of benzoyl peroxide, was sprayed onto a chqistex
polytetrafluoroethylene membrane (bought in Ningbo) with a
thickness of 10 um, a porosity of 80% and a pore size of 0.5
pm which was grafted with a monomer:

F,C=CF
O(CF,CFO0),CF>CF,Br
CFs3

(wherein e=2) according to the graft method in Example 1

Then a sample of the wet membrane was dried at 140° C.
for 15 minutes in an oven. In order to block the pores in the
membrane completely, this step may be repeated for more
than two times. Finally, the composite membrane was treated
at 150° C. for 30 minutes to obtain a composite membrane
with a thickness of 20 um.

Example 3

An isopropanol-(n-)propanol-water solution with a mass
concentration of 10% was prepared by mixing a perfluoro-
sulfonic acid resin A comprising a repeating unit (a):

(2)
—+ CFCFy 45~ CE.CF—
OCF,CFOCF,CF,CF,S0;H

CFs3

(number average molecular weight: 260,000) and a perfluo-
rosulfonic acid resin B comprising a repeating unit (b):

®)
—FCF,—CF, 37— CF,—CF—CF, —CF, 47~ CF, —CF—

OCF,CF,CF>S0,F OCF,CFOCF,CF,Br

CF;

(number average molecular weight: 170,000) (the mass ratio
of'the resin A to resin B is 5:1); the isopropanol-(n-)propanol-
water solution further contained La (III)-DMF complex and a
trace of perfluorinated dilauroyl peroxide

Then a chqistex polytetrafluoroethylene membrane
(bought in Ningbo) with a thickness of 10 um, a porosity of
90% and a pore size of 2~3 um grafted with

F,C=CF
O(CF,CF0),CF>CF,Br

CF;

(wherein e=1) according to the graft method in Example 1
was compounded with the above-mentioned isopropanol-(n-)
propanol-water solution by following the screen printing
method, and the membrane obtained was treated at 180° C.
for 5 minutes to obtain a membrane with a thickness of 11 pm.
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Example 4

A polyvinylidene fluoride membrane with a thickness of
30 um, a porosity of 79% and a pore size of 0.22 um which
was grafted with both

F,C==CF
O(CF,CF0),CF,CF,Br
CF;
(wherein e=1)
and
F»C=CF
O(CF,CF0),CF,CF,Br
CF;

(wherein e=0)
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F,C=CF
O(CF,CF0),CF,CF>Br
CF;
(wherein e=0)
and
F2C==CF
O(CF,CF0),CF,CF>Br
CF;s

(wherein e=1) (mass ratio of the two monomers is 1:1)
according to the grafting method in Example 1 was fixed by a
tensioning device around the membrane.

A DMSO solution containing 4% zinc-cyclodextrin com-
plex, a trace of perfluorinated malonyl peroxide and 30%
perfluorosulfonic acid resin was sprayed onto both sides of
the polytetrafluoroethylene membrane, wherein the perfluo-
rosulfonic acid resin has a structural formula as:

FE, B F B E, B F B Ey
C —C -~ |C—C C —C > |C—C C—C C—C
(l) a (l) b
CF, . TFZ ,
(|jF2 (lsz C —CF3
SO,F CF, O
| \|~_/n
TFz CF,
SO,F éFz
Br
40

(mass ratio of the two monomers is 1:1) (produced by Zhe-
jiang (Torch) Xidoumen Membrane Industry Co., Ltd,
according to the grafting method in Example 1)

was impregnated in the DMF solution containing 10% zirco-
nium nitrate, a trace of perfluorinated malonyl peroxide and
5% pertluorosulfonic acid resin, wherein the perfluorosul-
fonic acid resin has a structural formula formulas:

—F CF2CF» 45— CF>CF—-CF2CF 3~ CF,CF—
|

Br OCF,CFOCF,CF,S0;H

CF;

(number average molecular weight: 170,000). Then a sample
of'the wet membrane was dried at 100° C. for 40 minutes in an
oven and then treated at 190° C. for 20 minutes to obtain a
composite membrane with a thickness of 31 um.

Example 5

A chgqistex polytetrafluoroethylene membrane (bought in
Ningbo) with a thickness of 50 um, a porosity of 95% and a
pore size of 0.5 um which was grafted with both

50

55
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65

(a=9; b=6; ¢=3; a'=b'=c'=1; n=1; x=10, y=12, z=1; number
average molecular weight: 170,000).

Then a sample of the wet membrane was dried at 160° C.
for 10 minutes in an oven. In order to block the pores in the
membrane completely, this step may be repeated for more
than two times. Finally, the composite membrane was treated
at 200° C. for 20 minutes to obtain a composite membrane
with a thickness of 50 um.

Example 6

A porous polyvinylidene fluoride membrane with a thick-
ness of 25 um, a porosity of 70% and a pore size of 1 pm
grafted with two bromine-containing monomers that are the
same as those in Example 5 (mass ratio of the two monomers
is 2.5:1) according to the grafting method in Example 1 was
fixed on a plate after treatment with the solution. And a
(n-)propanol-water solution containing 0.01% cerium nitrate,
a trace of perfluorinated malonyl peroxide and 20% mixed
perfluorosulfonic acid resins, wherein the perfluorosulfonic
acid resin A comprises a repeating unit (a)

(2)
—CF,CFy4—CF,CF—

OCF,CF,CF,S0;H



US 9,325,027 B2

15

(number average molecular weight: 290,000) and the perfiuo-
rosulfonic acid resin B comprises a repeating unit (b):

Fy B F B F, B F B F, B
C—C P |C—C C —C |C—C C —C
(l) a (l) (4
TFZ . TFZ ,
N |
SOsH TFZ
|
SO.H

(a=11, b=7, c=5; a'=b'=c'=1; n=1, x=13, y=10, z=1; number
average molecular weight: 160,000) (mass ratio of the resin A
to resin B is 4:1) was sprayed onto the fixed porous polytrif-
Iuorochloroethylene membrane, A sample of the wet mem-
brane was dried at 80° C. for 10 minutes in an oven, then the
ion exchange resin contacting the porous polyvinylidene
fluoride membrane was pressed into pores of the membrane
through the hot pressing process to prepare a composite mem-
brane.

Example 7

A chgqistex polytetrafluoroethylene membrane (bought in
Ningbo) with a thickness of 10 um, a porosity of 80% and a
pore size of 1 um which was grafted with both

F,C==CF
O(CF,CFO0),CF>CF,Br

CF;

(wherein e=0)

and

CF,==CFCF,CF

Br

(mass ratio of the two monomers is 1:3) according to the
grafting method in Example 1 was fixed by a tensioning
device around the membrane. Then an NMP solution contain-
ing 5% vanadium sulfate, a trace of perfluorinated malonyl
peroxide and 30% mixed perfluorosulfonic acid resins,
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wherein the perfluorosulfonic acid resin A comprises a
repeating unit (a):

®)

B

(B e\ (B _E) [r B
5o S

L, L,

L b,

LO;H éFz

L,

LOgH

(c=7, d=5, ¢'=d'=1; number average molecular weight: 260,
000)

and the perfluorosulfonic acid resin B comprises a repeating
unit (b):

(b)
—F CF,CF; 45~ CF2CF—F CF,CF 4— CF,.CF—

OCF>CF,CF,Br OCF,CFOCF,CF,CF,S0;H

CF;

(number average molecular weight: 160,000) (mass ratio
A:B=1:2) was tape-cast on the taut surface of the porous
membrane and the solvent was removed by briefly heating a
blower. Then the other side of the porous membrane was
coated with an ethanol-water solution of 14% perfluorosul-
fonic acid resin, wherein the perfluorosulfonic acid resin has
a structural formula as:

—F CF;CF, 47 CF,CF—

OCF,CF,CF,CF,80;H

(number average molecular weight: 250,000). The ethanol-
water solution was allowed to completely penetrate into the
pores of the polytetrafluoroethylene membrane to reach the
continuous resin layer at the first surface directly, and then a
sample of the wet membrane was dried at 150° C. for 20
minutes in an oven to obtain a composite membrane.
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Example 8

The first surface of a chqistex polytetrafluoroethylene
membrane (bought in Ningbo) with a thickness of 80 um, a
porosity of 75% and a pore size of 4 um which was grafted
with

CF,==CFCF,CF

Br

according to the grafting method in Example 1 was coated
with a methanol-water solution containing 0.01% manganese
sulfate, a trace of perfluorinated malonyl peroxide and 10%
mixed perfluorosulfonic acid resin, wherein the mixed per-
fluorosulfonic acid resin was prepared by mixing the two
resins below at a mass ratio of A:B=2:1, where the resin A
comprises a repeating unit (a):

(2)
—F CF,CF, 45 CF,CF—CF,CF, 4 CF,CF—

OCF,Br OCF,CFOCF,CF,CF>S0;H

CF;

(number average molecular weight: 160,000) and the resin B
comprises a repeating unit formula (b):

(b)
—+CF,CF4-CF,CF—

OCF>CF,S0;H

(number average molecular weight of 250,000) at a mass ratio
of 3:1,

Then the solvent was removed from the wetted polytet-
rafluoroethylene membrane by briefly heating a blower. In
order to form a continuous layer of the ion exchange resin on
the surface of the polytetrafluoroethylene membrane, this
process were required to be repeated for more than two times.
The membrane was then heated at 150° C. for 2 minutes to
obtain a composite membrane.

Example 9

A polytetrafluoroethylene membrane with a thickness of
18 um, a porosity of 80%, and a pore size of 0.5~3 um which
was grafted with

CF,==CFCF,CF,CF

Br

according to the grafting method in Example 1 was tiledon a
plate.

Then a DMF solution containing 20% mixed perfluorosul-
fonic acid resins, wherein the perfluorosulfonic acid resin A
comprises a repeating unit (a):
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(2)
—+ CF,CF,43 CF,CF—F CF;CF, 35~ CF,.CF—
OCF,CF,CF,Br OCF,CFOCF,CF,CF>SO;H

CF3

(number average molecular weight: 160,000) and the resin B
comprises a repeating unit (b),

_(VFZ Fz)_CF F For F
ccflcc)—L/cc)—Lglc -
0 0
| |
o i
?FZ ?FZ Fé—CFg
SO;H ?Fz (|)
?Fz 1
SO;H ?FZ
I
O=I|’—OM
oM’

(f=10, g=5, h=3, f'=g'=h'=1, i=0, M, M'=H, number average
molecular weight: 210,000) (mass ratio of the resin A to resin
B is 1:1), 0.02% cerium-18-crown-6 complex and a trace of
perfluorinated malonyl peroxide, was tape-cast on the above-
mentioned modified polytetrafluoroethylene membrane to
perform lamination.

Then the laminated membrane was dried at 240° C. for 2
minutes in an oven to obtain a composite membrane.

Example 10

A propanol-water solution containing 0.03% bipyridine-
Ru complex, a trace of perfluorinated malonyl peroxide and
15% perfluorinated sulfonic acid resin comprising a repeating
unit as:

—FCF,CF, 5 CF,CF—

OCF,CFOCF,CF,CF,CF>S0;H

CFs3

(number average molecular weight: 250,000) was sprayed
onto a polytetrafluoroethylene membrane with a thickness of
10 um, a porosity of 85% and a pore size of 0.5 pm which was
grafted with

CF,==CFCF,CF,CF

Br

according to the grafting method in Example 1.

Then a sample of the wet membrane was dried at 140° C.
for 30 seconds in an oven. In order to block the pores in the
membrane completely, this step may be repeated for more
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than two times. Finally, the composite membrane was pro-
cessed at 150° C. for 30 minutes to obtain a membrane with a
thickness of 20 um.

Example 11

A (n-)propanol-water solution containing 15% mixed per-
fluorosulfonic acid resins prepared by mixing resin A com-
prising a repeating unit (a):

(2)
—F CF,CF, 4 CF,CF—
OCF,CFOCF,CF,S0;H

CF3

(number average molecular weight: 260,000) and resin B
comprising a repeating unit (b):

(b
—F CF,CFy5 CF,CF—F CF,CFy 4= CF,CF——

OCF,CF,Br OCF,CFOCF,CF,S0;H

CF;

(number average molecular weight: 170,000) and a trace of
benzoyl peroxide was sprayed onto a chqistex polytetrafluo-
roethylene membrane (bought in Ningbo) with a thickness of
10 um, a porosity of 80% and a pore size of 0.5 um which was
grafted with

FZC —CF
O(CF,CF0),CF>CF,Br

CFs3

(wherein e=1) according to the grafting method in Example 1.

Then a sample of the wet membrane was dried at 140° C.
for 15 minutes in an oven. In order to block the pores in the
membrane completely, this step may be repeated for more
than two times. Finally, the composite membrane was treated
at 150° C. for 30 minutes to obtain a membrane with a thick-
ness of 20 pm.

Example 12

An isopropanol-(n-)propanol-water solution containing
15% perfluorosulfonic acid resin, the structural formula as

—+F (CF,CF,),—CF,CFH—
I
O(CF,CFO),CF),80:H

CF;

(x is about 5, n=0, p=4, exchange capacity: 1.18 mmol/g;
molecular weight: 230,000), was prepared.

Then a tetrafluoroethylene membrane with a thickness of
20 uM, a porosity of 90% and a pore size of 2~3 um was
adopted to obtain a membrane with a thickness of 20 um
according to the screen printing method by using the above-
mentioned isopropanol-(n-)propanol-water solution.
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Example 13

Preparation and Characterization of Fuel Cell
Membrane Electrode Assembly

Preparation of Gas Diffusion Layer (GDL):

Torry090 carbon paper was impregnated in a 25% PTFE
emulsion for an appropriate period of time, followed by
hydrophobic treatment. The amount of the impregnated
PTFE was determined by weighing method. Then the carbon
paper impregnated with PTFE was placed in a muffle furnace
and roasted at 340° C. so as to remove the surfactant in the
PTFE emulsion impregnated in the carbon paper and also
make the PTFE thermally melted and sintered and dispersed
uniformly on the fibers of the carbon paper, and thereby to
achieve a good hydrophobic effect. The mass fraction of
PTFE in the roasted carbon paper was about 30%. A certain
amount of carbon powder, PTFE, and an appropriate amount
of isopropanol aqueous solution were mixed, oscillated with
ultrasonic wave for 15 minutes, and then coated onto the
carbon papers by adopting brush coating process, and the
coated carbon papers were roasted at 340° C. for 30 minutes,
respectively, to prepare a gas diffusion layer.

Preparation of Membrane Electrode Assembly (MEA):

the amount of Pt loaded in the catalyst layer was 0.4
mg/cm?; a certain amount of 40% Pt/C (JM Company) elec-
trocatalyst, deionized water and isopropanol were mixed,
oscillated with ultrasonic wave for 15 minutes; after adding a
certain amount of 5% resin solution of Example 12, ultrasonic
oscillation was proceeded for another 15 minutes; after the
solution turned ito an ink-like solution through ultrasonic
processing, the mixed solution was sprayed onto the mem-
brane of Example 2 uniformly to obtain an Membrane Elec-
trode Assembly (MEA).

The prepared membrane electrode assembly and the lev-
eled gas diffusion layer were combined to assemble a single
cell, and galvanostatic polarization performance test was per-
formed in a self-designed dual-channel low-power testing
platform under test conditions as follows: effective active
area of a single cell was 50 cm?, pressures of H, and air were
both 1.0 bar, H, utilization rate was 70%; air utilization rate
was 40%; relative humidity was 50%; and cell operating
temperature was (95° C. The polarization curve test was
performed after the prepared electrode was activated, and the
data were recorded at an interval of 1 minute after the respec-
tive measuring points were stabilized for 2 minutes so as to
draw a polarization curve (FIG. 3).

Example 14

This example is used to illustrate respective performances
of the composite membranes prepared in Examples 1-12.

The performances of all the membranes were characterized
and the results are shown in Table 1. It can be seen from Table
1 that the electrical conductivity at 95° C., tensile strength,
hydrogen permeation current, dimensional change rate, and
other performances of the composite membrane of the
present invention are all superior to those of an ordinary
composite ion membrane. The test conditions of the electrical
conductivity value are as follows: T=95° C., under saturated
humidity; and T=25° C., dried in a drier for two days; the
method for testing the tensile strength was a GB standard
method (GB/T20042.3-2009), and the method for testing the
hydrogen permeation current was an electrochemical method
(Electrochemical and Solid-State Letters, 10, 5, B101-B104
2007)
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Characteristics of various membrane:

Testing Condition

mide, methylformamide, dimethylsulfoxide, N-meth-
ylpyrrolidone, hexamethylphosphoric acid amine,

acetone, water, ethanol, methanol, n-propanol, isopro-
panol, ethylene glycol and/or glycerol; preparation is
performed under the following conditions: concentra-
tion of the resin dispersion solution from 1 to 80%,
temperature of heat treatment from 30 to 300° C., and
time of heat treatment from 1 to 600 minutes; the acidic
crosslinking catalyst is added in an amount of from 0.1
to 1 wt % of the resin,

wherein the ion exchange resin is prepared by copolymer-

ization of fluorine-containing olefins, fluorine-contain-
ing olefin monomers comprising a functional group and
fluorine-containing olefin monomers containing a
crosslinking site and/or mixtures of the above-obtained
copolymers, and has an EW value of from 600 to 1,300;
the number average molecular weight of said resin is
from 150,000 to 450,000,

wherein the fluorine-containing olefin monomer contain-

Nos. and Method Results
Electrical Membrane of Example 11~ T =95° C., under 0.0276/0.0131
Conductivity Membrane of Example 12 saturated humidity/ 0.0216/0.0041
(S/em) Membrane of Example 1 T=25°C.,, driedina 0.0285/0.0109
Membrane of Example 2 drier for two days 0.0277/0.0133
Membrane of Example 3 0.0296/0.0114
Membrane of Example 4 0.0289/0.0116
Membrane of Example 5 0.0302/0.0121
Membrane of Example 6 0.0311/0.0131
Membrane of Example 7 0.0312/0.0121
Membrane of Example 8 0.0321/0.0141
Membrane of Example 9 0.0331/0.0131
Membrane of Example 10 0.0331/0.0131
Tensile Membrane of Example 11 GB standard method 32
Strength Membrane of Example 12 (GB/T20042.3-2009) 28
(MPa) Membrane of Example 1 35
Membrane of Example 2 33
Membrane of Example 3 34
Membrane of Example 4 35
Membrane of Example 5 36
Membrane of Example 6 38
Membrane of Example 7 37
Membrane of Example 8 35
Membrane of Example 9 34
Membrane of Example 10 39
Hydrogen Membrane of Example 11 Electrochemical 1.8
Permeation Membrane of Example 12 method >4
Current Membrane of Example 1 0.12
(mA/em?) Membrane of Example 2 0.12
Membrane of Example 3 0.09
Membrane of Example 4 0.11
Membrane of Example 5 0.11
Membrane of Example 6 0.10
Membrane of Example 7 0.07
Membrane of Example 8 0.09
Membrane of Example 9 0.06
Membrane of Example 10 0.12
Dimensional Membrane of Example 11 (GB/T20042.3-2009) 3.5
Change Rate Membrane of Example 12 8.9
(%) Membrane of Example 1 1.0
Membrane of Example 2 1.2
Membrane of Example 3 0.9
Membrane of Example 4 1.2
Membrane of Example 5 1.2
Membrane of Example 6 2.1
Membrane of Example 7 1.2
Membrane of Example 8 1.0
Membrane of Example 9 1.3
Membrane of Example 10 1.2
The invention claimed is:
1. A method for preparing a composite material, the
method comprising: 50
(1) compounding a dispersion solution of an ion exchange
resin containing a free radical initiator and a high-va-
lence metal compound, with a functional monomer-
grafted porous fluoropolymer membrane with a
microporous structure by performing solution pouring, 55
tape casting, screen printing process, spraying, or
impregnating process;
(2) subjecting a wet membrane to heat treatment at from 30
to 300° C., wherein the free radical initiator initiates a
crosslinking reaction between the porous membrane and 60
the resin to obtain the composite material;
wherein a solvent used in the processes of solution pouring,
tape casting, screen printing, spraying, impregnating
and other processes, is selected from one or more of a
group consisting of dimethylformamide, dimethylaceta- 65

ing a functional group is one or more selected from a
group consisting of substances as defined in the follow-
ing formula (IT) and/or formula (II1) and/or formula (IV)
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(ID
Y |(CF2)o(CFR1)5(CFR2) O(CFCF,0), —CF==CF,
CFX
(1)
R5CF ==CF(CFy)4Y>
Iv)
F,C=—CFOCF,CFOCF,CF,Y;

|
CF,0CF;

wherein a, b, ¢ are an integer of 0 or 1, respectively, but a,
b and ¢ are not zero at the same time;

d is an integer of from 0 to 5;nisOor 1;

R, Ry, Ry are selected from perfluorinated alkyl or chlo-
rofluorinated alkyl, respectively;

X is selected from F or Br;

Y,,Y,, Y, are selected from SO,M, COOR, or PO(OR,)
(ORj), respectively, wherein M is selected from F, Cl,
OR, or NR R,; R is selected from methyl, ethyl or pro-
pyl, or selected from H, Na, L1, K or ammonium; R, and
R, are selected from H, methyl, ethyl or propyl, respec-
tively; R; is selected from H, Na, Li, K, ammonium,
methyl, ethyl or propyl; and R, R, are selected from H,
Na, Li, K, or ammonium, respectively;

the fluorine-containing olefin monomer containing a
crosslinking site is one or more selected from a group
consisting of substances as defined in the following for-
mula (V) and formula (VI):

V)
F>,C=CFRyBr

Br(CF2)/(CFRy5)y(CFR ) O(CECF,0), ——C==CF.

ChX,

wherein a', b', ¢’ are 0 or 1, respectively, but a'+b'+c'=0; X,
is selected from F or Br; n'is O or 1; and Ry, R 5, R are
selected from perfluorinated alkyl, respectively.

2. The method for preparing a composite material accord-
ing to claim 1, wherein the free radical initiator is one or more
selected from the group consisting of organic peroxide initia-
tors and/or azo initiators.

3. The method for preparing a composite material accord-
ing to claim 2, wherein the organic peroxide initiator is the
initiator as defined in the following formula (VIII) and/or
formula (IX):

(VIII)
R,00R,

Ix)

R;OCO—OCOR,

R,, R, are selected from but not limited to the following
groups, respectively: H, C,~C, alkyl or aryl-substituted
alkyl, C,~C,, acyl, C,-C,, aroyl, C,;~C,, fluorinated
alkyl or perfluorinated alkyl or aryl substituted alkyl,
C,~C,, fluorinated acyl or perfluorinated acyl, and/or
C,~C,, fluorinated aroyl or perfluorinated aroyl; but R
and R, are not H at the same time;

R;, R, are selected from but not limited to the following
groups, respectively: C,~C,, alkyl or aryl-substituted

10

15

20

25

30

35

40

45

50

55

60

65

24

alkyl and/or C,~C,, fluorinated alkyl or perfluorinated
alkyl or aryl substituted alkyl.

4. The method for preparing a composite material accord-
ing to claim 2, wherein the organic peroxide initiator is an
organic perfluorinated peroxide.

5. The method for preparing a composite material accord-
ing to claim 2, wherein the azo initiator is selected from but
not limited to the following initiators: azodicarbonamide,
azobisisobutyronitrile, azobisisovaleronitrile, azobisisohep-
tonitrile, dimethyl 2,2'-azobis(2-methylpropionate), 1-((cy-
ano-1-methylethyl)azo) formamide, 1,1'-azo(cyclohexyl-1-
cyano), 2,2'-azobis(2-methylpropionamidine)
dihydrochloride, and/or 4,4'-azobis(4-cyanovaleric acid).

6. The method for preparing a composite material accord-
ing to claim 1, wherein the high-valence metal compound is
one or more selected from the group consisting of compounds
of'the following elements: W, Zr, Ir, Y, Mn, Ru, Ce, V, Zn, Ti,
and La.

7. The method for preparing a composite material accord-
ing to claim 1, wherein the high-valence metal compound is
selected from the group consisting of nitrates, sulfates, car-
bonates, phosphates, acetates of these metal elements in the
highest valence state and intermediate valence state or double
salts thereof; or one or more selected from a group consisting
of cyclodextrins, crown ethers, acetylacetones, aza crown
ethers and nitrogen heterocyclic rings, EDTA, DMF, and
DMSO complexes of these metal elements in the highest
valence state and intermediate valence state; or one or more
selected from a group consisting of hydroxides of these metal
elements in the highest valence state and intermediate valence
state; or selected from a group consisting of oxides of these
metal elements in the highest valence state and intermediate
valence state which have a perovskite structure, including but
not limited to the following compounds: Ce Ti(; )0, (X is
from 0.25 to 0.4), Ca, ¢La,,,TiO;, La,_,Ce MnO; (y is
from 0.1 to 0.4) and La, ,Ce, ,5Ca, ; sMnO;.

8. The method for preparing a composite material accord-
ing to claim 1, wherein part of acidic exchange groups of the
ion exchange resin form physical bonding in between through
the high-valence metal compound.

9. The method for preparing a composite material accord-
ing to claim 1, wherein the EW value is from 700 to 1,200.

10. The method for preparing a composite material accord-
ing to claim 1, wherein the fluorine-containing olefin is one or
more selected from the group consisting of tetrafluoroethyl-
ene, chlorotrifluoroethylene, trifltuoroethylene, hexafluoro-
propylene and/or vinylidene fluoride.

11. The method for preparing a composite material accord-
ing to claim 1, wherein said fluorine-containing olefin is
tetrafluoroethylene and/or chlorotrifluoroethylene.

12. The method for preparing a composite material accord-
ing to claim 1, wherein the porous fluoropolymer membrane
is selected from the group consisting of porous polytetrafluo-
roethylene membrane, polytetrafluoroethylene-hexatluoro-
propylene membrane, porous polyvinylidene fluoride mem-
brane  (PVDF), porous polytriffuorochloroethylene
membrane and porous polytetrafluoroethylene-ethylene
(ETFE) membrane, which are uniaxial tensile membranes or
biaxial tensile membranes.

13. The method for preparing a composite material accord-
ing to claim 12, wherein the porous fluoropolymer membrane
has a thickness of no greater than 100 pum, a porosity from 50
to 97% and a pore size of from 0.1 to 10 pm.

14. The method for preparing a composite material accord-
ing to claim 13, wherein the porous fluoropolymer membrane
has a thickness of from 5 to 20 pum, a porosity of from 60 to
97% and a pore size of from 0.2 to 5 um.
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15. The method for preparing a composite material accord-
ing to claim 1, wherein the functional monomers are bromine-
containing functional monomers.

16. The method for preparing a composite material accord-
ing to claim 15, wherein the bromine-containing functional
monomers are selected one or more combinations from sub-
stances as defined in the following formula (V) and/or for-
mula (VI):

V)
F>,C=CFRyBr
(VD
Br(CF2)a(CFR5)y(CFRg) O(CFCE,0)y —C==CF».
CFX;

wherein a', b', ¢'are 0 or 1, respectively, but a'+b'+c'=0; 1n' is
Oor 1; X, is selected from F or Br; and Ry, R, Ry are
selected from fluorine or perfluorinated alkyl, respec-
tively.
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17. The method for preparing the composite material
according to claim 1, wherein the preparation is performed
under the following conditions: concentration of the resin
dispersion solution from 5 to 40%, a temperature of heat
treatment from 120 to 250° C., and a time of heat treatment
from 5 to 200 minutes.

18. The method for preparing the composite material
according to claim 1, wherein the high-valence metal com-
pound is added in an amount of from 0.0001 to 5 wt %.

19. The method for preparing the composite material
according to claim 1, wherein the high-valence metal com-
pound is added in an amount of from 0.001 to 1 wt %.

20. A composite material prepared by the method accord-
ing to claim 1 and an ion exchange membrane comprising the
composite material and a fuel cell comprising the ion
exchange membrane.

#* #* #* #* #*



